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(54) Abstract Title 

Measuring device using a toroidal coil 

< 57 , Tbe invention whfch is the ^ n ^^^Z7^tr S tenure 
which is a toroidal coil wh.ch can be connected to m eas"re values^ " ""J™ * core M of sheet materia , such 
defined by the coil. The present invent.on^ 

as a printed circuit board, on which the coil ' s J orme0 \™ e ."^ " f nfl material and removing portions to leave 
circuit material is that the coil can be fanned by ^^^SSJSSSiS^ cold materia, around a 
a series of bands in a coil formations rather than "Z^£*^£^ configured between the outer 

rdgToVSaTetd^ 
measured may be mounted on the cove. 
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Measuring n>vtr r 

The invention to which this application relates is the type of device 
for use in measuring the alternating current passing along a 
conductor, and in particular to measuring devices including toroidal 
coils and known as Rogowski coils. 

There are several known methods for measuring alternating current, 
one of which is using an iron cored current transformer, which is 
typically large and bulky and therefore inflexible in use, and another 
method is to use a transducer in the form of a toroidal coil wound, 
usually on a non-magnetic former which, in order for the' 
measurements to be accurate, requires the device to be carefully 
manufactured. This type of device is known as a Rogowski coil but 
is hereinafter referred to as a toroidal coil. 

In use the winding of the toroidal coil is used to sense the magnetic 
field created around a conductor which carries an alternating 
current. The measurement of the magnetic field can be used to 
provide a highly accurate measurement of the current without the 
need for electrical contact to be made with the conductor. The coil 
acts as a mutual inductance to the conductor being measured and 
the voltage output is proportional to the rate of change of current. 
The voltage can be measured directly to provide a measurement of 
the rate of change of current but in most cases the voltage is 
integrated in one of several ways to produce an output that 
reproduces the current waveform and thus can be used to measure 
currents ranging from the milliampere to several million amperes. 
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A typical fix. of toroidal coil comprises a length of conducung 
m ,«erial wound and coiled around a core which is typically rigtd and 
annul., in shape. In order for the coil to provide the correct results 
care has to be taken in the winding of the conducting matenal 
around the core in a toroidal sense and machines have been 
developed ,o provide this function, one being the subject of patent 
GB2041875. The use of machines of this type allows Rogowsk. coils 
of the required qualiry to be produced but the process is time 
consuming and, as a result, the toroidal coi» can be relatively 
expensive. 

Although rhe machines for winding the conducting material do 
allow the increased accuracy of the winding of the material, 
known that the individual coils differ slightly from each other » 
their output when measuring the same current and which differences 
are caused by unavoidable manufacturing tolerances. Although there 
,r, various ways of compensating for these differences they require 
additional expense in terms of extra rime and care in the 
construction of the coil or the winding or associated electron* 
circuits. 

The aim of the present invention is to provide a toroidal coil form 
which can be reproduced time after time and with confidence that 
any differences between the measurements to be obtained by the 
respective coils will be insignificant and also to make the co.ls .n a 
manner which allows the same to be made with cos, and ttme 
savings. 
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In a first aspect of the invention there is provided a toroidal coil 
comprising a core, conducting material in a coil configuration on 
said core and a connection from the conducting material to allow 
measurements to be processed, and wherein said core is a substrate 
onto which the conducting material is applied and formed and/or 
connected into a coil configuration. 

In one embodiment the substrate is a printed circuit board material 
and the conducting material is applied on first and second surfaces 
of the same and interconnected via clips at the edges of the same 
and/or connections passing between said surfaces and formed of or 
coated with said conducting material. 

Typically the substrate core is formed so as to have a central 
aperture through which the conductor with the alternating current 
passes to be measured. 

In one embodiment the coil is constructed from a number of 
portions which can be engaged and interconnected to allow the coil 
of the invention to be formed around the conductor to be measured 
without the need for disconnecting said conductor. 

In a further aspect of the invention there is provided a toroidal coil 
comprising a substrate core having a central aperture and a 
conducting material applied to surfaces of the core in a coil 
configuration and wherein said coil configuration is located within 
the confines defined by the outer and inner edges of the substrate. 
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The ability to confine the coil conflation within the edges of the 
su bs„a,e can be achieved by int.tconnecting the conducttng 
serial on fits, and second surfaces of the substrate by formrng 
apenu.es through the substrate and between ,be two surfaces and 
coating the apertures wirh conducting material or by us.ng wtres o 
oth e, conducrors through the apertures so as ro contact w.th an 
connect the conducting material on both surfaces and form the cod 
configuration required. 

To one embodiment the toroida! coil according to the invention can 
he provided with an electrostatic mask by coating sa,d firs, and 
second surfaces wi.h a suitable material such as copper bu, msulated 
f r om ,be conducting material which forms ,be winding so as to 
enclose or encapsulate the conducting material and subsua.e. 

The conducing material is typically applied ,o the substrate in ,he 
form of the primed circui, board b, a conventional rechmque. 

In . further aspect of ,he inven.ion ,here is provided a measuring 
device, said device comprising a substrate, part of whtch act as 
core for a toroidal coil and onto surfaces of which are apph.d a 
conducting materia! and formed into a coil configuration to form 
the toroidal coil and wherein another porfion of the substrate 
serial is used to mount components in connection wtth the 
toroida, coil so formed to aUow processing of the da.a rece.ved 
from the toroidal coil. 



In a further aspect of the invention there is provided a method of 
forming a toroidal coil comprising the steps of forming a core from 
a sheet substrate with an aperture and having first and second 
surfaces, applying a conducting material to the first and second 
surfaces, removing portions of the conducting material from said 
first and second surfaces to leave a series of bands of conducting 
material thereon, connecting respective bands on the first and 
second surfaces to form a coil configuration of said conducting 
material and attaching external connection means to the conducting 
material. 



In one embodiment the conducting material may be directly applied 
to the substrate in the required configuration thereby overcoming 
the need for any removal of conducting material once applied. 

The conducting material bands on each of the first and second 
surfaces can be connected by forming apertures with conducting 
material through the substrate and/or by clips of conducting 
material attached to the edges of the substrate. 

Specific embodiments of the invention will now be described with 
reference to the accompanying drawings; wherein 

Figure 1 illustrates a perspective view of one embodiment of the 
invention; 

Figure 2 illustrates a sectional end elevation along li» e A-A of 
Figure 1; 
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Figure 3 illustrates , firs, embodiment of . coil configuration in 
schematic fashion; 

Figure 4 illustrates a second embodiment of coil configuration; 

F.gure 5 illustrates a third embodiment of coil configuration; 

Figure 6 illustrates a fourth embodiment of coil configuration; and 

Figure 7 illustrates a detailed view of the arranging of one coil 
configuration on the substrate. 

Referring firstly to Figures 1 and 2 there are illustrated views of one 
embodiment of a toroidal coil according ro rhe invenrion where.n 
,he coil comprises a substrare 2, in this case a prin.ed circuit board, 
provided with an aperrure 4 through which rhe conductor to be 
measured passes (not shown). On the substrate first and second 
planar surfaces 6.8 there is applied a conducting material tn the 
form of bands of said material so that that, when connected, rhe 
bands on the firs, and second surfaces form a coil configuration of 
conducting material 10. The bands are of fine detail and are 
represented by the hatched area 10 on the front surface 6 of F.gure 
! The bands of conducting material can be applied ustng 
conventional prin.ed circuit board techniques. The conducting 
.naterial bands on the first and second surfaces 6.8 are connected by 
apertures 14, which are coated wi.h the conducting material 10 or by 
wires through the apertures and therefore allow connection between 



bands on the opposing surfaces to form the coil configuration 
provided with external connection means 13 and hence the toroidal 
coil as will be readily understood. 

The conducting material can be applied to suit specific coil 
configurations and the conducting material can therefore be applied 
in a manner so as to recreate the effect of conventional winding 
configurations but at the same time ensure that the uniform 
measuring effect can be recreated for each coil made with the same 
configuration which could not be previously achieved. 

A toroidal coil which is manufactured in the way described or any 
conventional coil will respond to the circumferential magnetic field 
caused by a conductor passing through the aperture in the coil 
However a problem with the coil configuration is that the coil is 
also sensitive to magnetic fields which have a component 
perpendicular to the annulus and which can originate from current 
carrying conductors which lie externally of but adjacent to the 
toroidal coil. This effect occurs because the progression of the coil 
wmdmg around the core effectively forms the core into a large loop 
which is in the plane of the core and is known as the "single 
mrn"cffect. ' 

The Figure 3 illustrates one possible form of coil which can be 
provided ou the substrates according to the invention in one 
embodiment in which ,he substrate 2 has applied to the firs, surface 
and shown in full Ii n «, conducting material bands 10 and to the 
second or reverse surface and shown in broken liaes, bands of 
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conducting material 10'. The bands 10, W arc interconnected v,a 
connections 14 in the form of coated apertures, said apertures 
coated with the conducting material and in connection w.th the 
band ends, thereby aHowiog ,he connection of the bands on sa.d 
surfaces 6,8 into a coil configuration according to the invenuon. 
This form of coil can provide an adequate measurement of the 
alternating current but where more accurate measurements are 
united the single .urn effect has to be minimised and f.gures 4-6 
iUustrate various possible solutions in schematic form which can be 
incorporated into the toroidal coil formed according ,o th.s 
invention to minimise the single turn effect.. 

FiguI e 4 il.usua.es one embodimen. whe.e a third conducting 
materia. ..yet is positioned between the surfaces 6,8. This thttd 
iayer 20 carries a reverse turn 22 of conducting material as shown. 
An alternative variation is .0 provide a further two layers of 
conducing material to create a second coil configuration which can 
b£ sandwiched between the fits, coil configuration of conduct.ng 
.naterial 10, 10'. The second coil configuration would be connected 
in series whh the firs, coil and .he configurations would be se. so as 
,o cause .he outputs from each coil conf.gura.ion .0 reinforce for 
curren. measurement purposes and the single turn effects of each of 
the coil configurations cancel each other out. 

Ye. further, .wo coil configurations of ,he type of Figure 1, can be 
piaced side by side and one has a tight handed windmg 
configuration and the other has a left handed winding configuratton. 
The two outputs can be connected in series and the outputs 
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combined for measurement purposes and again the single turn effect 
of each of the coil configuration cancel each other out. 

In some instances it is not practical to have more than two surfaces 
with a conducting material applied thereto and so it is necessary to 
provide a reverse turn coil configuration 24 on the first and second 
surfaces 6,8 as shown in Figure 5. Figure 5 illustrates the reverse 
turn 24 form which weaves between the conducting material 10 for 
the first coil configuration on surface 6. Alternatively, the reverse 
turn could weave between the surfaces 6 and 8 if required. The path 
of the reverse turn is chosen so that the projection of its area on 
the plane of the annulus is as equal as possible to the projection of 
the first coil configuration on the plane of the annulus. 

A further alternative arrangement (not shown) is to provide a wire 
or strip of conducting material and adhere the same to the substrate 
and attach it to one end of the coil configuration. The wire could 
also be passed through apertures in the substrate. 

A yet further embodiment is shown in Figure 6 in which again only 
two surfaces 6 and 8 are available. In this arrangement the bands 10, 
10' can be shaped so that their projection on the annulus forms a 
series of backward loops rather than the zigzag pattern of Figure 3. 
Each back loop generates a small voltage in the opposite sense to 
the single turn voltage. The geometry of the bands is calculated so 
that their combined effect cancels out the single turn effect. 
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The output of the coils according to the invention in ratio wuh ,he 
.hickness of the substrate rer.ui.ed to be used can be improved by 
staggering rhe position of the aperture connections 14 as is shown 
in Figure 7. This allows the bands of conducing mater.al to be 
tightly spaced and .hereby maximise the coil windings which can be 
sccommodared on the substrate. The staggering of the position of 
,he apertures can be as requited in ordet ro accommodate the bands 
of conducing material in the available substrate surface area. 
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Claims 



1- A toroidal coil comprising a core, conducting material formed 
with a coil configuration on said core and a connection from the 
conducting material to allow measurements to be processed from 
the coil and, wherein said core is a substantially planar substrate 
with first and second surfaces onto which the conducting material is 
applied and formed and/or connected into a coil configuration. 

2. A toroidal coil in accordance with claim 1 wherein the substrate 
is a printed circuit board base and the conducting material is applied 
on first and second surfaces of same. 

3- A toroidal coil according to claim 1 wherein the conducting 
material on the first and second surfaces is interconnected via a 
series of clips at the edges of the substrate which contacts 
conducting material on the first and second surfaces. 

t 

i 

4- A toroidal coil according to claim 1 wherein the conducting 
matenal on the first and second surfaces is interconnected by 
apertures passing between the said surfaces and formed of or coated 
with said conducting material. 

5. A toroidal coil according to claim 1 wherein the substrate core 
is formed with an aperture through which a conductor which is to 
be measured passes to be measured. 
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6 A toroidal coil according to claim 1 wherein the coil is 
constructed from a number of portions which ate engageable to 
allow the coil of the invention to be fotmed around a conductor to 
be measured. 

7 A toroidal coil comprising a substrate core having a central 
.perture and a conducing material applied to first and second 
surfaces of rhe cor. in a coil configuration and wherein sard co.l 
configuration is located within the confines defined by rhe outer 
edge of the substtare and the edge of the aperture. 

8 A toroidal coil according .o claim 7 wherein conducting materia. 
U applied ro firs, and second surfaces of the substrate and a senes 
of apertures are formed between the firs, and second surfaces and 
sa id apertures are coated wirh conducting material to connect w.rh 
the conducting material on the firsr and second surfaces to form the 
coil configuration. 

9 A toroidal coil according ro claim 7 wherein conducting material 
is applied to first and second surfaces of the aubstra.e and aperrures 
are formed through the substrate berween the firs, and second 
surfaces and .he said conducing material on .he firs, and second 
surfaces is connected by using wires or o.her conductors whrch pass 
through the apertures. 

10 A toroidal coil according to any of the preceding claims 
wherein the coi. is provided with an e.ectrost.tic mask by coattng 
said first and second surfaces with a sui.able ma.eria. whrch ,s 
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insulated from the conducting material of the coil so as to enclose 
or encapsulate the conducting material and substrate. 

1 1 - A measuring device, said device comprising a substrate, at least 
part of which acts as a core and onto the surfaces of which are 
applied conducting material and formed into a coil configuration to 
place around a conductor to be measured and wherein another 
portion of the substrate material is used to mount components in 
connection with the coil so formed to allow processing of the data 
received from the coil during the measuring operation. 

12. A method of forming a toroidal coil comprising the steps of 
forming a core from a sheet substrate, forming an aperture in the 
core and on first and second surfaces of the substrate, applying a 
conducting material, removing portions of the conducting material 
from said first and second surfaces to leave a series of bands of 
conductive material thereon, connecting respective bands on the 
first and second surfaces to form the same into a coil configuration 
of said conducting material. 

13. A method according to claim 12 wherein external connection 
means are a.tached to the conducting material to allow readings to 
be obtained therefrom. 

H. A method according to claim 12 wherein the conducing 
material is applied to the surfaces in a band configuration without 
the need to remove any further material thereafter. 
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A m e,hod according «o claim 12 wherein the conducting 
serial bands on each of the fits, and second surfaces are 
connected b, forming apertures with conducting material through 
the substrate and/or by dips of conducting material attached to rhe 
edges of the substrate. 

16 . A toroidal coil as hereinbefore described with reference to the 
accompanying drawings. 

,7. A method of forming a roroidal coil as hereinbefore described 
with reference ro the accompanying drawings. 
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